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-Introduction

O We propose the Realistic Chinese Spell Checking (RCSC) task. To the best of our
knowledge, we are the first to investigate Chinese Spell Checking with both Chinese

misspellings and pinyin errors.

O We introduce the Realistic Chinese Spell Checking Benchmark (RCSCB) and test the
performance of various baselines. We find that none of the existing methods achieve

satisfactory performance, highlighting the research value of our proposed task.

OO0 We propose Pinyin-Enhanced Spell Checker (PESC), a specialized model designed to
handle pinyin-related misspellings. PESC achieves state-of-the-art performance on the

RCSCB benchmark while maintaining relatively low computational overhead.



In our Realistic Chinese Spell Checking (RCSC) task,
considering a text sequence X= {X;, X5, X3, X4, * * ", X, }
consisting of n characters, wherein X; denotes a character of
Chinese, English, or pinyin, the goal of RCSC is to convert
the input text X into its corresponding correct text sequences
Y={y., W, " - -, Ym} of mcharacters. Because one Chinese
character usually corresponds to multiple pinyin characters,
this one-to-many relationship causes that m is smaller than n.
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Chinese Pinyin CM PC Chinese Text Existing Works Ours
A N
r SRRSENE v Y
The weather is really nice today
Vv v S RIS (town) NG v v/
Y jin tian tian gi zhen bu cuo Y Y
SRREENE
v v jin tian tia qi zhen bu cuo v/ v/
Vv Vv 4 KtianSzhen N v
Vv v v A RtiaSHEAEE Vv

Table 1: The misspelling types of Chinese text
in realistic scenarios, where CM and PC denote
Chinese misspellings and pinyin conversions, re-
spectively. All the misspellings are marked in red.
Existing works focus on addressing the first four
misspelling types, while this work encompasses all
types of misspellings.
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(1) RANFHEEEE SEREORA fAFRREFTRE 2D Attt LZIAMNEF R

(2) REAMFHEER Edangzuolaifl fblangEqianiEF TXE i85 AshenaBidfizhuant 5 5id

l

() (RAMRBEERTdzEREl  ftliamgERiquanEF TIXE  &iFH Hsehna&iFfzhant 5417

/ \ / \ Misspelling / \
" N ¥ N

Abbreviation Substitution Insertion Transposition Deletion

Figure 1: The illustration of pinyin conversion process. In line (1), the characters marked in red represent
the Chinese characters selected to convert into pinyin; In line (2), they are converted into the corresponding
perfect pinyin; In line (3), they are conducted with pinyin conversions. The pinyin conversion encompasses
Abbreviations, Reservations, and Misspellings. The Misspellings include Substitution, Insertion,
Transposition, and Deletion.

We collect the texts from two sources: Tomorrow Advancing Life
English lecture audio (TAL) and SIGHAN benchmark. The
probabilities of substitution, insertion, deletion and transposition
are set to 40%, 20%, 20%, and 20%, respectively.
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Dataset | Sen Len CM PC
SIGHAN & Wang271K (Train) | 284,201 45.7 398,749 649,427
TAL (Train) 284,136 27.3 220,823 354,125
SIGHAN15 (Test) 1100 32.7 703 1,754
TAL (Test) 12,220 271 9,527 15,072

Table 2: The statistics of used datasets, where Sen
denotes the number of sentences, Len denotes the
average length of the sentences in each dataset.
CM and PC denote the number of Chinese mis-
spellings and pinyin conversions, respectively.
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Motivation:

(1) some English characters are over-corrected;
(2) some pinyin characters of a single Chinese character are predicted as several characters;
(3) some consecutive pinyin characters belonging to different Chinese characters are misinterpreted as a

single character.

Input BERT Output Target
disturb ST HLbuZEFTHL 1 distur T~ ZITIAZEIT Ity disturb ZFTHLAETT A
mindExiayng =& ZRBEER mind BA8 F &
XEEMFEE—TyuvanzchiHH ER 2B EAR | XEEFEE - NMENFIHEEREEEANR | XEEMFEGHE—TENEHE EREEE AR
#FEFeureg M 1 BB =
Teliqim KT REE B Tellw B TTRAE B FeEHLH TR HE B

3% B RNy i EF Bl AR I

X BT B N

X BN A — A BhiE R I

Table 3: Examples of input, the corresponding output of BERT, and the target. Chinese misspellings or
pinyin conversions, incorrect modifications, and golden modifications are marked in red, orange, and blue

respectively.
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Figure 2: Overview of our model architecture. Phonetic embedding and graph embedding are used to
capture phonetic and graph information. Token embedding includes segment embedding and position
embedding, which is the same as BERT (Devlin et al., 2019). For example, the input sequence is “/F3&
Pimefyisia;£3k”. At the positions of ‘m’ and ‘e’,the corrector output are “4” and ¢. However, the output
of the detector at the same positions are all 0, which denotes that ‘m’ and ‘e’ are not pinyin characters. We
abandon modifying the corrector and keep the original input "me". Meanwhile, the output of the segmenter
at the position of ‘a’ is 0. We change the output of the corrector at the same place to ¢. Finally, after
deleting ¢, the output is “rE TimerIE EZFK” (Listen to me, the meaning of ‘me’ is me.).
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Method

Parameters

Detection Level

Correction Level

Acc Pre Rec F1 Acc Pre Rec F1
T5-base (Raffel et al., 2020) 300M - - - - 77.89 7165 71.09 7137
Fastcorrect (Leng et al., 2021) 99M 85.82 82.15 8144 81.79 | 79.25 73.28 72.65 72.96
PhVEC (Fang et al., 2022) 120M 87.86 84.74 8435 8455 | 76.29 69.17 68.85 69.01
Soft-Masked BERT (Zhang et al., 2020) 140M 79.77 7499 73.36 74.16 | 69.18 60.47 59.15 59.80
BERT (Devlin et al., 2019) 120M 90.78 88.58 88.04 88.31 | 83.05 78.15 77.67 77.91
REALISE (Xu et al., 2021) 280M 91.31 8943 88.67 89.05 | 84.57 80.31 79.63 79.96
ECOPO (Li et al., 2022) 120M 90.92 88.77 88.19 88.48 | 83.39 78.62 78.10 78.36
ChatGPT 175B - - - - 18.73 1232 15.19 13.60
Yuan 1.0 (Wu et al., 2021) 12B - - - - 14.00 3.05 3.13 3.09
ChatGLM (Zeng et al., 2022) 6B - - - - 153 062 082 0.70
BELLE (Yunijie Ji et al., 2023) 7B - - - - 715 207 226 2.28
PESC(Ours) 130M 91.85 89.97 89.43 89.70 | 84.92 80.62 80.13 80.37

Table 5: The performance of PESC and all baseline models on the TAL test set. Bold indicates the
current state-of-the-art performance. The results of LLMs are the average performance of 4 different

prompts.
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Method Parametars Detection Level Correction Level

Acc Pre Rec F1 Acc Pre Rec F1
T5-base (Raffel et al., 2020) 300M - - - - 58.67 54.46 54.86 54.66
Fastcorrect (Leng et al., 2021) 99M 74.09 7173 7233 72.03 | 67.09 63.88 64.40 64.14
PhVEC (Fang et al., 2022) 120M 69.69 67.17 69.77 68.45 | 57.42 53.58 55.65 54.59
Soft-Masked BERT (Zhang et al., 2020) 140M 63.82 62.83 60.40 61.59 | 55.09 50.43 52.87 51.62
BERT (Devlin et al., 2019) 120M 78.27 76.71 77.12 76.91 | 70.82 68.24 68.52 68.38
REALISE (Xu et al., 2021) 280M 79.91 78.05 79.01 7853 | 7264 69.92 70.78 70.35
ECOPO (Li et al., 2022) 120M 79.18 7766 7798 77.82 | 71.27 68.58 68.93 68.75
ChatGPT 175B - - - - 20.25 18.07 19.77 18.88

Yuan 1.0 (Wu et al., 2021) 12B - - - - 750 2.81 2.62 2.71
ChatGLM (Zeng et al., 2022) 6B - - - - 227 159 175 1.66
BELLE (Yunijie Ji et al., 2023) 7B - - - - 574 330 354 3.41
PESC(Ours) 130M 81.45 7990 80.98 80.44  73.91 7134 7231 71.82

Table 6: The performance of PESC and all baseline models on SIGHAN15 test set. Bold indicates the
current state-of-the-art performance. The results of LLMs are the average performance of 4 different
prompts.
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Id Prompt

—EOTF2EEPIHFE, BRSNS HIERP A F .
JFf]: somets EHsomeXt X AH W T iAFalgishtFE R Hhamy . 4/IE: somed EHsomeX LXK H W T4 allit 2 ZRITEILE -
[Ef]. rfan/54 K FIRSAHE TiXget it E Fikzjiang T - ZIF: RE4A R FIRN FHE] 75X RS FIREHT
J&4]: inputs. Z4IE:

R RURPIESURA) T H A TIPS, AHIERKNAT -
JFH]: some s EHsomeX XA W T A Hallgtsht&RFTEhamy - 41E: someH EHsomeXf XN AH W T A G alit 2R RIE LA -
Ff): rfan54 R FIRS NI TiXget LR & T ikzjiang T - 4I1TF: BRF4AR TN FHE X 5t REEHE T IREH T -
JE4]: inputs. #IE:

SRR A T P B B S0 SO PR R TER T
JEf): somet EHsomeXfIEX A H I T AHallfishtz R FEhamy - 4{IE: somets & someR HEX K # L TiEHallit & ZRITE LS -
[Bf]: rfan/54 R T IRSEAME] TiXge st AL & Fikzjiang T - YIE: REAR FIRN FHE] 75X 5t LEEEE FIREH T -
JFf]. inputs. ZJIE.

BN PIE BRI 45 H ERR AT -
JRf): some EHsomeX X MAH A T EHalifshtnFrihamy - 4IE: some EHsomeXIEXAMAH A T EHalf ZRFRITHLA -
JEf]: rfanf5 4R TR E 12 TiXgeEREE & Tikzjiang T - 41IE: REA K FIRE 3] TiX/Mit LEEEE TIREWH T -
[ff): inputs. 4IE:

Table 4: The different few-shot prompts used to evaluate LLMs.
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Acc Pre Rec F1
MEthod Detection Level
Method Acc Pre Rec Fi Ours | 91.00 8892 88.23 88.57
Detection Level All | 9057 88.34 87.75 88.04
BERT 90.78 88.58 88.04 88.31 Merge | 90.96 88.82 88.23 88.52
+Seg. 91.05 8890 8835 88.62 .
+Det. 9112 89.02 8843 88.72 | Correction Level
+Det.&PED. | 91.16 89.10 8851 88.80 Ours | 83.93 79.36 78.75 79.05
+Pho.&Gra. E | 91.65 89.75 89.17 89.46 All 8263 7762 77.10 77.36
PESC 91.85 89.97 89.43 89.70 Merge | 83.16 78.28 77.76 78.02
Correction Level .
— |83 TR T T Table 8: Performance of PESC (w/o phonetic and
+Seg 8316 7805 77.76 78.00 graph embedding) on the TAL test set using differ-
+Det. 83.75 79.07 78.55 78.81 ent alignment strategies. Bold indicates the best
+Det &PED. | 83.86 79.12 78.70 78.91 performance.
+Pho.&Gra. E | 8451 80.10 79.58 79.84
PESC 84.92 80.62 80.13 80.37 ,
In the PESC model, we align the source and target sequences by
Table 7: Ablation results of the PESC model on associating the initial consonant with the correct Chinese character
TAL test set, where Seg. represents segmenter, and introducing the character ¢ Additionally, we also explore

Dec. represents detector, PED.represent pinyin-
enhanced decoding, Pho.&Gra. E represent pho-
netic and graph embedding. Bold indicates the
best performance.

other alignment strategies referred to as "All" and "Merge". "All"
indicates that we associate all pinyin characters with the correct
Chinese character (e.g., "jin(%)" corresponding to "4&44").
"Merge" indicates that we merge the encoder representations of all
pinyin characters that correspond to a Chinese character and
forward the merged representation to the corrector.
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